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When an oil bath is vertically oscillating with an acceleration above some critical value, known
as the Faraday threshold, the bath surface becomes unstable and nonlinear standing wave patterns
emerge. One phenomenon that has been observed above the Faraday threshold is the formation of
Faraday-Talbot carpets, resulting from near-field diffraction. The optical Talbot effect occurs when
a monochromatic wave passes through a diffraction grating. In the near-field, the formation of self-
images is observed at integer multiples of what is known as the Talbot length. These two-dimensional
patterns have various applications including X-ray imaging and atom and particle trapping. Two-
dimensional Faraday-Talbot wave patterns have been observed in an oil bath oscillating above the
Faraday threshold containing a row of evenly spaced, protruding pillars. These pillars generate
sloshing waves which serve as active sources of monochromatic Faraday waves, the interference of
which generates the Faraday-Talbot wave patterns. These patterns were observed to trap bouncing
and walking droplets at the location of the pillar images. As an extension of the two-dimensional
linear Faraday-Talbot effect, we present novel stable and transient Faraday-Talbot carpets created
from a circular array of evenly spaced pillars. An understanding of the formation of stable Faraday-
Talbot carpets can act as an analogy to atom and particle trapping and may provide insights into
particle trapping mechanisms.
I. INTRODUCTION
When the free surface of an oil bath is vertically oscil-
lated with an amplitude, A, frequency, f , and a sufficient
acceleration, Γ(t) = γcos(2pift), the surface becomes un-
stable and standing wave patterns form with a frequency
of f/2 [1]. The acceleration at which these standing wave
patterns begin to form is known as the Faraday thresh-
old, γF . For vibrational acceleration γ = A(2pif)
2 where
γ < γF the fluid surface is stable and no wave patterns
can form as all excitations decay. However when γ > γF ,
unstable subharmonic Faraday waves with a wavelength
of λF = 2pi/kF form on the fluid surface. These waves
are described by the water-wave dispersion relation
ω2(k) = (gk +
σ
ρ
k3)tanh(hk) (1)
where k is the wavenumber, g is the gravitational
acceleration constant, σ is the surface tension, ρ is the
fluid density and h is the fluid depth.
Faraday waves have been studied both experimentally
and theoretically and have been used to study hydrody-
namic quantum analogs [2]. Faraday waves can act as
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optical analogs as well such as the Talbot effect.
The optical Talbot effect is a result of near field diffrac-
tion that occurs when a monochromatic wave, of wave-
length λ, is passed through a periodic grating [3]. This
effect was discovered in 1836 by Henry Fox Talbot by
examining optical patterns behind a diffraction grating
[4] and the theory was later developed by Lord Rayleigh
in 1881 [5]. The theory expresses the intensity pattern
resulting from the interference of waves from individual
slits as a sum of monochromatic plane waves of wave-
length λ with transverse wave-vector components 2pin/d,
where d is the slit spacing and n is an integer. At integer
multiples of a distance, zt, perpendicular to the grating,
direct images of the grating are reproduced. This dis-
tance is known as the Talbot length, is given by
zt(λ) =
λ
2(1 −
√
1 − (λd )2)
(2)
At even multiples of the Talbot length, the self-images
are spatially in-phase with the grating and at odd
integer multiples the images are shifted by half of the
slit spacing, d/2 [6].
The Talbot effect has been studied and applied in a
variety of optical systems [7, 8] and has applications in
2phenomena such as optical trapping of atoms [9] and
particles [10], atom wave interference [11], Bose-Einstein
condensates [12], plasmonics [13] and X-ray imaging
[14]. Not only has the Talbot effect been studied and
applied optically, it has been recently observed in a
hydrodynamic system. Sungar et al. [15] observed and
studied the formation of Faraday-Talbot carpets on a
vertically oscillating oil surface as a result of an array
of evenly spaced pillars in the bath. These patterns
are observed to form only when the spacing of the
pillars is either an integer or half-integer multiple of the
Faraday wavelength. The source of the patterns were
determined as sloshing inter-pillar ridges of fluid that
form in between the pillars. When the pillar spacing is
an integer multiple of the Faraday wavelength, λF , the
ridges in between the pillars oscillate in-phase and the
Talbot wave pattern has self-images given by equation 2.
When the pillars spacing is half-integer multiples of λF ,
the ridges in between the pillars are alternately out of
phase and a different variety of Talbot pattern appears.
This is refered to as the alternate phase Talbot effect. In
this case, calculations show [16] that the Talbot length
is given by
zt(λ) =
λ√
1 − λ24d2 −
√
1 − 9λ24d2
(3)
Experiments studying the formation of Talbot car-
pets from a curved diffraction grating conducted by Wei
Zhang et al [17] revealed that the periodicity of the self-
images, ie. the spacing between each consecutive im-
age in any given row of self-images is either magnified
or demagnified relative to the periodicity of the grating.
Magnification occurs when the images are viewed on the
convex side of the grating and demagnification occurs on
the concave side of the grating. In comparison to the
periodicity of a linear grating, this magnified periodicity,
P , of images is given by:
P =
R
R− nzT d (4)
Where n is an integer, zT is the Talbot length given
by equation 2 or 3, and R is the radius of curvature
of the diffraction grating, and d is slit spacing. For
the alternate phase Talbot effect, a slit spacing of 2d
must be used because the array is considered to be the
superposition of two interlaced sub-arrays, each in itself
coherent but opposite in phase to the other sub-array
each having the periodicity of 2d. R is positive for
images on the convex side of the grading and negative
for images on the concave side of the grating.
Here we present an experimental and computational
study of Faraday-Talbot carpets from a circular array of
pillars for both varieties of Talbot patterns, when the
ridges oscillate in phase and out of phase.
II. SIMULATIONS
First, simulations of Talbot-carpet patterns formed
from a circular array of pillars were created using
MatLab scripts. The script intakes parameters for the
vertical oscillation frequency, number of pillars and the
integer multiple of the wavelength that the pillars will be
spaced. The program then calculates the wavenumber
for a given set of constants such as the fluid density and
surface tension by solving equation 1 which is then used
to calculate the wavelength of the Faraday waves.
From the geometry of the system it is determined that
the radius of the circle of pillars should be given by
r =
mλ/2
sin(pi/n)
(5)
Where λ is the Faraday wavelength, m denotes the
multiple of the wavelength for which the pillars are to be
spaced, and n is the number of pillars. Arrays consisting
of the x and y coordinates of the pillars are created by
solving for the vertices of an n side polygon of radius r
given by equation 5.
In the simulations, for each time-step, the program cal-
culates at each spacial point in the plane the amplitude of
the the surface waves by summing the wave contributions
from each source. These wave amplitudes at all spacial
points for each time-step are then compiled into a video
using MATLAB videowriter and are saved as a .avi file
that can be viewed and analyzed in any compatible video
player. The program code is displayed in Appendix A.
III. EXPERIMENTAL APPARATUS
The experimental set up consisted of an electromag-
netic shaker vertically oscillating a 180 mm diameter cir-
cular oil bath, filled with 20 cS silicone oil to a depth
of 4-5 mm. A base plate consisting of a circle of N
protruding, 3 mm diameter plastic pillars, spaced at a
distance d = nλf where n is either an integer or half-
integer. The radius of the circular array was determined
by simulations described earlier. The bath was then ver-
tically shaken at a forcing frequency of either 80 or 55 Hz
and the forcing acceleration was increased until Faraday
waves were visible. A semi-reflective mirror was placed
above the oil bath at an angle of 45 degrees below the
horizontal. With illumination from the side, video images
of the resulting patterns were recorded via a high speed
camera mounted directly above the mirror. A schematic
of the experimental set up is displayed in Figure 1.
3FIG. 1. (a) Side view of the experimental setup. (b) Top
view of oil bath with N protruding, 3 mm diameter pillars
evenly spaced at a distance d, at a radius r from the center.
IV. EXPERIMENTAL RESULTS
A variety of circular arrays were tested at forcing
frequencies of both 80 and 55 Hz. The forcing acceler-
ation of the bath was set above the Faraday threshold,
γF , and the resulting surface patterns were recorded.
Patterns were observed to form for a 51.5 mm radius
circular array of 34 pillars. The pattern observed at
a forcing frequency of 80 Hz was determined to be
the standard Talbot effect and the pattern observed
at a forcing frequency of 55 Hz was determined to
be the alternate phase Talbot effect. The videos
were viewed and analyzed using MATLAB video viewer
and the MATLAB image viewer distance measuring tool.
The separation distances between adjacent images in
each circular row were measured and compared to the
theoretical values given by equation 4. The experiment
is in good agreement with the theory, most values
falling within two or three standard deviations. Both
experimental and theoretical values are displayed in
Table I.
Although the experimentally observed patterns are in
good agreement with both simulations and theoretical
values, only one of the observed patterns was stable. This
was the pattern observed with the 51.5 mm radius array
of 34 pillars at a forcing frequency of 55 Hz, shown in
Figure 3. The observed pattern at a forcing frequency of
80 Hz, shown in Figure 2, was transient, decaying within
one minute of initial pattern formation. It is believed
that the equilibrium state for which this pattern forms
is unstable, thus any minute deviation or imperfection
in the system causes the patterns to decay. It is possi-
ble that with a circular array of sources, the patterns for
the standard Talbot effect are unstable but patterns for
the alternate phase Talbot effect are stable. Further ex-
periments should be conducted using a variety of other
circular arrays in order to test this hypothesis.
R(mm) λF (mm) zT (mm) n Pth(mm) Pexp(mm)
80 Hz:
d = 9.5 51.5 4.75 17.73 1 7.07 6.81 ± 0.21
d = 9.5 51.5 4.75 17.73 2 5.63 5.66 ± 0.25
d = 9.5 51.5 4.75 17.73 3 4.67 4.77 ± 0.17
55 Hz:
d = 9.5 51.5 6.33 6.95 2 14.96 15.76 ± 0.33
d = 9.5 51.5 6.33 6.95 4 12.34 12.56 ± 0.28
d = 9.5 51.5 6.33 6.95 6 10.50 7.31 ± 0.29
TABLE I. System parameters and theoretical and experimen-
tal values of the magnification factor, Pth and Pexp. d is the
spacing between the pillars, R is the radius of the circular
array, λF is the Faraday wavelength, zt is the Talbot length,
and n is an integer denoting the circle of images with 1 being
the outer most circle.
FIG. 2. Left: Simulation for a 51.5 mm radius circular array
of 34 pillars, spaced at a distance of 9.5 mm at a forcing
frequency of 80 Hz. Right: Experimentally observed pattern
with a vertical acceleration of 4.33g. a displays the first circle
of images, b denotes the second circle of images, and c denotes
the third and inner most circle of images.
FIG. 3. Left: Simulation for a 51.5 mm radius circular array
of 34 pillars, spaced at a distance of 9.5 mm at a forcing
frequency of 55 Hz. Right: Experimentally observed pattern
with a vertical acceleration of 2.23g. a displays the first circle
of images, b denotes the second row of images, and c denotes
the third and inner most circle of images.
4V. CONCLUSION
Experiments were conducted to examine Faraday-
Talbot carpets from a circular array of evenly spaced,
protruding pillars. Patterns were observed and agree
with simulations and theoretical values for a 51.5 mm
radius array of 34 pillars at forcing frequencies of both
55 and 80 Hz. The Talbot carpet observed from 34
pillar array at 55 Hz was very stable. However, the
Talbot carpet observed at 80 Hz was transient, decaying
within one minute of initial formation, possibly a result
of the unstable equilibrium state for these patterns.
A more extensive study of the Faraday-Talbot wave
theory should be conducted for better understanding
of the mechanisms behind the transient behavior of
these patterns. Additionally, further experiments should
be conducted to determine if, for circular arrays, all
patterns for the alternate phase Talbot effect are stable
where as patterns for the standard Talbot effect are
not. Understanding and creating stable Talbot carpets
could provide a mechanism for droplet trapping which
would act as an analogy to optical atom trapping.
Additionally, stable Talbot carpets may potentially
be used as a mechanism for fluid transport and drug
delivery in digital microfluidic systems.
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5APPENDIX A
This section contains the MATLAB code used to create simulations of Talbot carpets on a two dimensional surface
from an evenly spaced circular array of sources.
%func t i on parameters : f = f o r c i n g f requency
%p = number o f p i l l a r s
%in = 1 or −1 (1 f o r in−phase −1 f o r out−of−phase )
%i f doing out o f phase you must hard s e t the rad iu s o f the c i r c l e in the func t i on code∗
%r e s = r e s o l u t i o n o f v ideo ( I have been us ing 1)
%m = i n t e g e r mu l t ip l e o f wavelength f o r p i l l a r spac ing (d = m∗ lam )
func t i on out = Talbot pat t e rns ( f , p , in , res ,m)
f1=f /2 ; %faraday f r e q
w=2∗pi ∗ f 1 ;
g = 9810 ; %g in mm/ s ˆ2
rho = 0.949∗10ˆ−3; %den i s ty
s i g = 2 0 . 6 ; %s u r f a c e t en t i on
h = 4 ; %depth in mm e i t h e r 4 ,5 , or 6
k f=f z e r o (@( k ) ( g∗k+s i g / rho∗k . ˆ 3 ) . ∗ tanh ( k∗h)−wˆ 2 , 1 ) ; %wavenumber
lam=2∗pi / k f %faraday wavelength
r1 = (m/2)∗ lam/ s i n ( p i /p) %rad iu s o f c i r c l e
b = p /2 ; %h a l f the number o f p i l l a r s
q = 0 : 1 : p ;
theta = pi /b + pi /b∗q ; %angle p o s i t i o n o f each p i l l a r
x1 = r1 ∗ cos ( theta ) ; % x−coord o f p i l l a r
y1 = r1 ∗ s i n ( theta ) ; % y−coord o f p i l l a r
c1 = 1 i ∗2∗ pi /lam ;
c2 = 1 i ∗2∗ pi ∗ f 1 ; %angular f requency o f Faraday waves
x = −(r1 +3): r e s : ( r1 +3); %c r e a t e s array c o n s i s t i n g o f x−coord po in t s in f i e l d o f i n t e r e s t
y = −(r1 +3): r e s : ( r1 +3); %c r e a t e s array c o n s i s t i n g o f y−coord po in t s in f i e l d o f i n t e r e s t
t = 0 :2∗ pi /(w∗32) : 2∗ pi /w; %time s t ep s f o r s imu la t i on based on p e r i o d i c i t y
%c r e a t e f i l e name :
f i l e = [ ’ Ta lbo t f = ’ , num2str ( f ) , ’ p = ’ , num2str (p ) , ’ r = ’ , num2str ( r1 ) , ’ m= ’ , num2str (m) ]
wr iterObj = VideoWriter ( [ f i l e , ’ . avi ’ ] ) ; % c r e a t e s a f i l e to wr i t e a video
writerObj . FrameRate=2; % s e t s the playback frame ra t e f o r the video
open ( writerObj ) ;
f o r l = 1 : s i z e ( t , 2 ) %loop f o r t imes teps
F = ze ro s ( s i z e (x , 2 ) , s i z e (y , 2 ) ) ; %s e t t i n g a blank array f o r amplitude d i sp lacements
f o r k= 1 : s i z e (x , 2 ) %loop ing over x−coo rd ina t e s
f o r j = 1 : s i z e (y , 2 ) %loop ing over y−coo rd ina t e s
sum1 = 0 ; %i n i t i a l i z i n g sum
d i s t = s q r t ( x ( k )ˆ2 + y ( j ) ˆ 2 ) ; %d i s t ance from source to po int o f i n t e r e s t (POI)
f o r n=1:p %loop ing over o f s ou r c e s
i f d i s t < r1 %only c a l c u l a t i n g va lue s i n s i d e o f c i r c l e
r = s q r t ( ( x ( k)−x1 (n))ˆ2+(y ( j )−y1 (n ) ) ˆ 2 ) ; %d i s t anc e from source to POI
sum1=sum1+exp ( c1∗ r )/ s q r t ( r )∗ exp(−c2∗ t ( l ) )∗ in ˆn ; %sums a l l c o n t r i b u t i o n s
e l s e i f d i s t>= r1 && di s t <(r1+3) %t h i s e l s e statement c r e a t e s p i l l a r images
r = s q r t ( ( x ( k)−x1 (n ))ˆ2 + ( y ( j )−y1 (n ) ) ˆ 2 ) ;
i f r < 1 .5
6sum1 = 10 ;
end
end
end
end
F(k , j ) = r e a l ( sum1) %takes only the r e a l part o f the sum
end
end
[X,Y]= meshgrid (x , y ) ;
h=s u r f (X,Y, F ’ ) ; % add l in here
a x i s equal % f i x s the a x i s so x and z d i r e c t i o n s are on the same s c a l e
colormap ( gray )
%the next commands ad jus t appearance o f p l o t so i t ’ s observed and l i g h t e d from the top
view (2)
shading i n t e r p
l i g h t a n g l e (0 , 45 ) %s e t s ang le o f l i g h t source
h . FaceLight ing = ’ gouraud ’ ;
h . AmbientStrength = 0 ;
h . D i f f u s eS t r eng th = 0 . 9 ;
h . Specu larStrength = 0 . 7 ;
h . SpecularExponent = 9 . 9 ;
h . BackFaceLighting = ’ un l i t ’ ;
drawnow
frame = getframe ; % w r i t e s each p lo t i n to the video f i l e
wr iteVideo ( writerObj , frame ) ;
end
c l o s e ( wr iterObj ) ; % c l o s e s the video f i l e
end
